Glioma which has the clinical characteristics just like great invasion, significant dissemination and metastasis is one of the most common tumors in brain and makes great damage to human beings爷 health. Although we have made great progress in diagnosis and radiation treatment to improve the therapeutic effect, it seems the problems of great invasion and metastasis have not been well settled. Most of the research on molecular mechanism and signaling pathways are restricted in vitro. And the in vivo research has always been done in rat or mouse cancer model. This kind of model has many disadvantages such as long period and low efficiency, and we can not inspect the state of tumor continually. Then a lot of difficulties come to us, as a result we can爷t work on the molecular mechanism favorably. So the key point to improve the survival rate of human beings is to thoroughly know the glioma molecular mechanism about great invasion and metastasis.
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The new promising vertebrate model system zebrafish has plenty of advantages and its genome show great conservation comparing with human. The fish in the wild is commonly to have cancer because of waterborne carcinogen and some mutations on related oncogenes or tumor suppressors. It can develop a wide variety of tumors in most all of the organs with a histology closely resembling that of human tumors. Zebrafish cancer model is more effective in searching the related molecular mechanism and screening anticancer agents. It is becoming a more and more popular cancer researching tool in the world. We can make use of this new glioma model to overcome the disadvantages just like long period and low efficiency. Then high efficiency of anticancer agents screening and the discovery of new molecular target among glioma related signaling pathyways will make a great significance. And of course it is a new breakthrough in treating glioma.
Glioma derives from neuroglia cells, with the most common site in the brain. The incidence rate of malignant glioma is 0.0050.010% . Histopathologically, glioma is divided into astrocytoma, oligodendroglioma, ependymoma, and mixed oligoastrocytoma [1] . Due to the high malignance of glioma, and the great damage to human health and safety, developing new therapies and drugs is imperative. Recently, many novel gene and drug therapies beyond traditional surgery, radiotherapy and chemotherapy have emerged, such as viral and nanomaterial mediated gene therapies [24] , as well as studies of new drugs and their mechanisms [5, 6] . For all these new therapies, the drug curative effects and safety evaluations need to be validated in animal models.
The main animals used in the past and more recently for glioma models are mice and rats. Two types of methods for animal models have been established. The first type is through xenotransplantation, to observe and analyze in situ or the ectopic development of xenografts in animal models, and to validate the application values. The second type is through gene mutation, to explore the molecular mechanisms of glioma, screen related drugs, and validate efficacy.
The direct transplantation of rat C6 glioma cells [7] , human U251 glioma cells [8] , and glioma tissue [9] are the main methods for quickly establishing animal glioma models. Such experiments require direct in situ intracranial or subcutaneous heterotopic transplantation in nude mice and need posttransplant observation and analysis.
Deficiency and mutation of tumor suppressor genes The mutation of human Nf1 tumor suppressor genes leads to the formation of typeI neurofibroma. However, in mice, the formation of this tumor needs synergy of p53 mutation, which closely links to typeI neurofibroma [10] . By blocking the tumor suppressor gene pRb through deficiencies in the tumor suppressor protein INK4, heterozygous mutations of the tumor suppressor gene PTEN speeds up the tumor formation rate of astrocytoma, increases the invasive ability, and shortens the latent period. This type of astrocytoma also more easily forms malignant glioma, such as neurogliocytoma [11, 12] . Overexpression or constitutive activation of oncogenes
The activation of plateletderived growth factor autocrine signaling pathway induces the transformation of neural progenitor cells and astrocytes into mesoglioma and oligoastrocytoma, which has been confirmed by in vitro and in vivo models [13] . Combination of oncogene functional acquisition and suppressor gene functional deficiencies In actual cases, two situations are basically combined. In experiments of heterozygous mutations of tumor suppressor gene PTEN, accelerating the rate of astrocytoma tumorigenicity and increasing the degree of malignancy, blocking the pRb pathway included the activation and overexpression of oncogenes CDK4 or Cyclin D [12] . In addition, the process of astrocytoma formation caused by activating plateletderived growth factors, accompanied by the deletion or mutation of tumor suppressor gene Ink4aArf led to the generation of more advanced malignant glioma. Furthermore, the overexpression of Ras in specific astrocytes produced astrocytoma in mice, also accompanied by deregulation and deletion of the tumor suppressor genes p16, p19, and PTEN or the overexpression of oncogenes epidermal growth factor receptor (EGFR), MDM2, and cyclindependent kinase 4 (CKD4) [14] . The wellknown or clearly studied pathway of glioma development can be summed up in figure 1 [15] . Establishment of animal glioma models by gene mutation often caused early death of the animals, so investigators could not observe the development of glioma in adult animals and the tumors did not develop into advanced tumors. Therefore, conditional modifications of relevant genes could be used to reduce the death rate, improve the viability, and increase the possibility of developing advanced tumors [11] .
A variety of cancerous tissues and organs in zebrafish occur and are similar to human cancer. While, zebrafish are vertebrates, the genome of the zebrafish has great homology and conservatism com pared to the human gen ome, which Chinese Journal of Cancer provides a good foundation for studying human cancer development. The zebrafish tumor model has many advantages, such as being easy to feed, economical, convenient, high fecundity, invitro fertilization, transparent embryos, easy observations of the diffusion, metastasis, infiltration, and angiogenesis of cancer cells in tissues, and easy access to a large number of mutant or tissuespecific transgenic fish. In drug screening, zebrafish can effectively absorb small molecule compounds in the surrounding water environment, making it is easy to select anticancer drugs on a large scale. However, the smaller size of zebrafish is not convenient for insitu tumor transplantation, and due to the distant kinship in the evolutionary tree between zebrafish and humans and studies of signaling pathways, genes and drug in zebrafish need further experiments to fully apply to humans. The main methods for establishing a zebrafish tumor model are transplantation, chemical mutagenesis, and gene mutation.
Transplantation can be divided into allotransplantation and heterologous transplantation. As the immune system of juvenile zebrafish does not develop perfectly, usually the injection of juvenile fish at 25 days did not need immunosuppressive treatment, and the development of tumor cells could be observed for more than 10 days [16] . At about 1 month, juvenile zebrafish need only simple immunosuppressive treatment during tumor transplantation [17] . Allotransplantation can quickly establish the zebrafish glioma model. Compared with mouse and rat models, due to the smaller size of zebrafish, in situ transplantation of glioma is relatively difficult.
The main steps are as follows: 1. To collect fertilized eggs. Using common zebrafish of the AB strain, a male and two females were cultured in a tank. According to experimental requirements, glioma cells were microinjected at different periods and into locations on zebrafish. If injected within 48 h of fertilization, anesthesia was needed. And if you wanted to observe the vascular generation and other processes, you could choose transgenic fish or apply an immunostaining method after injection [1618] . 2. To prepare the glioma cells. Glioma cells were cultured in Dulbecco爷s modified eagle medium (DMEM) containing 10% fetal bovine serum (FBS) and 1% doubleresistance (penicillin and streptomycin). After two or three generations, cells were transfected by green or red fluorescent plasmid [19] to label cells. Generally, plasmids were required for a linear process to obtain longterm stable transfected cells, and the fluorescent cells were selected by flow cytometry after transfection to obtain a high rate of fluorescently labeled cells. Alternatively, a fluorescent dye, such as CMDiI [16] , was used to label cells. According to the injection sites in zebrafish embryos or juvenile zebrafish, the cell numbers for injection were different, ranging from tens to thousands [16, 20] . In general, cells should be fully digested and suspended in a phosphate buffered saline (PBS) solution or in Matrigel [20] for injection. 3. To culture and observe the transplanted glioma cells in zebrafish. As the optimum temperature of glioma cells and zebrafish was quite different, an optimal incubation temperature between them must be chosen. The optimal growth temperature of tumor cells is 37益 , and zebrafish is 28.5益 . Based on previous studies of different periodic regulations and changes in temperature, an optimum temperature (eg. 35益 ) was found for the two species [16, 21] . Due to the transparency of the zebrafish embryos, the development of fluorescently labeled cells was observed directly. Different ages of zebrafish also could be fixed by paraformaldehyde, then made into slices or have the whole embryo dyed for more refined observation.
The disadvantages of this model are instability, nonheredity, short survival time, and requirement of reestablishment when a new study is started. Chemical mutagenesis can quickly and efficiently build many zebrafish tumor models. Using 7, 12Dimethylbenz [a]anthracene (DMBA) to treat zebrafish embryo or juvenile zebrafish, tumors in liver, blood vessels, and internal organs were induced [22] . The application of NmethylN'nitroNnitrosoguanidine (MNNG) to treat zebrafish embryo or juvenile zebrafish, also induced tumors in liver tissue and many mesenchymallike tumors, such as hemangioma, chondroma, rhabdomyosarcoma, and leiomyosarcoma [23] . However, chemical mutagenesis caused more nonspecific phenotypes, and the type and location of tumors were difficult to control. Therefore, it is difficult to establish a zebrafish glioma model by this method.
Using gene mutation to establish a zebrafish tumor model is specific and more stable, and can be genetically inherited. In a Mycinduced zebrafish leukemia model, overexpression of Myc was caused by a specific promoter in lymphoidspecific cells. The transgenic complex was connected a green fluorescent protein (GFP) reporter gene to further observe the dynamic development of leukemia [24] . This method further describes and identifies the molecular mechanisms of tumorigenesis, and is usually difficult to establish. As tumorigenesis involves changes in multiple signaling pathways, we should consider the combined effects of a number of factors. For example, the mutation of Bmyb in zebrafish led to genome instability, and increased the possibility of tumorigenesis [25] . A new tumor model could be established based on this gene mutation combined with changes in other factors.
Therefore, researchers may combine chemical mutagenesis with gene mutation to establish zebrafish glioma models. First, based on chemical mutagenesis, lots of different background strains of zebrafish were selected, and provided a foundation for the next step of genetic mutation. For example, in experiments screening the zebrafish tumor model by DMBA, the zebrafish were emerged in water containing DMBA or fed food with DMBA, and zebrafish strain with malignant tumors of the nervous system was constructed [22] . Based on this, following sitedirected mutagenesis and directional changes, the effects of a certain gene or some combined genes on glioma pathogenesis were studied directionally and efficiently. For example, in the study of using tp53 gene mutation to induce malignant peripheral nerve 咱1暂 咱2暂 sheath tumors, many mutant lines were obtained through ethylnitrosoura (ENU) screening first, then the required two zebrafish lines with tp53 gene mutation were selected, the role of p53 in cell apoptosis was evaluated through in vitro and in vivo experiments, and the function of tp53, as a tumor suppressor gene, of regulating homeostatis and tumor development was identified [26] . Many nucleoprotein mutation induced zebrafish mutant lines also became good models for tumor development in zebrafish, and they had the capacity of developing into peripheral nerve sheath tumors and other tumors [27] . In both zebrafish and in humans, tumorassociated genes are highly conserved. For example, in the expression analysis of liver cancer in zebrafish and in humans, gene chip analysis selected great overlap in the expression of genes in humans and zebrafish, then studied the function of these genes, which provided foundation for studying the molecular mechanisms of human tumorigenesis [28] .
It is well known that although there is still a certain gap in revealing the actual principle of tumor biology by in vitro study of tumor cells, establishing a suitable animal glioma model has important practical value for studying the mechanisms of glioma in vivo. Constructing a zebrafish glioma model not only facilitates observations in the development and changes of tumors and blood vessels in vivo, but also has incomparable superiority for drug screening compared to other animal models. Zebrafish can propagate astronomically, live in an aqueous environment, permeate small molecules in the surrounding environment, and are convenient for highthroughput drug screening. The general application would be to culture zebrafish in a 96well plate and do systematic analysis by dividing into many groups. In the heterologous transplantation of the zebrafish glioma model, researchers digested the whole animal model and studied qualitatively and quantitatively. Compared to a mouse model, it was not necessary to apply immunodeficient treatment in heterologous transplantation, and it was easier for immune treatment in the zebrafish model than the mouse model for longterm study. In the zebrafish glioma model, a commonly used technology is fluorescent labeling. The dynamic realtime tracking method cannot be completed in mouse or rat models. Generally, in mouse and rat models, to study the development and changes of tumor tissue needs animals to be killed at different phases of development. However, the realtime tracking not only did not need for the animal to be killed, but also was more accurate and more useful for continuous study. In summary, establishing a zebrafish glioma model can help researchers to better study the pathogenesis of glioma and explore new approaches for treatment.
